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(57) ABSTRACT

Each lead frame for a power chip has one side main surface
on which a power chip 1s mounted and a suspension lead part
provided projectingly from a region reserved for forming
mold resin 1n addition to a lead terminal. Thus, the lead
frame can be supported by the plurality of suspension lead
parts 1n a molding step. A metal block 1s provided on the
other main surface of the lead frame to face the power chip.
Consequently, a semiconductor device with good heat radia-

tion properties and good 1nsulation breakdown voltages can
be obtained.

14 Claims, 11 Drawing Sheets
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1
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a structure of a semicon-
ductor device, and more particularly to a structure of a
power semiconductor device used for power control,

2. Description of the Background Art

FIG. 15 1s a sectional view schematically illustrating a
structure of a power semiconductor device according to the
background art. As shown in FIG. 15, the power semicon-
ductor device according to the background art comprises a
power chip 1 having a power element, a lead frame 20 made
of a metal thin plate, a metal block 5§ functioning as a heat
sink for radiation and a mold resimn 6.

The lead frame 20 has a die pad part 3 and an 1nner lead
part 4. The power chip 1 1s jointed to the die pad part 3 with
solder 9 as a binder. An electrode (not shown) formed on the
power chip 1 1s connected to the inner lead part 4 of the lead
frame 20 by an aluminum wire 8. The metal block 5 has a
projection almost at 1ts center and 1s arranged such that the
projection faces the power chip 1 leaving a predetermined
spacing with respect to a surface of the lead frame 20
opposite to the power chip 1. The mold resin 6 exposes a
surface of the metal block 5 opposite to the lead frame 20

while sealing the power chip 1, the lead frame 20 and the
metal block §.

Attached to the exposed part of the metal block 5 1s an
external heat radiator 11. Part of the mold resin 6 present
between the projection of the metal block 5 and the lead
frame 20 1s called a resin 1nsulation layer 27.

In the power semiconductor device according to the
background art, heat generated in the power chip 1 1s emitted
to the outside from the external heat radiator 11 through the
lead frame 20, the resin insulation layer 27 and the metal
block 5. The metal block 5 and the external heat radiator 11
made of aluminum or copper and have thermal conductivi-
fies of approximately 230 W/mK and approximately 390
W/mK, respectively. The lead frame 20, which 1s also made
of metal such as copper, has a thermal conductivity of
substantially the same degree as the metal block 5 and the
external radiator 11. The resin forming the resin msulation
layer 27 has a thermal conductivity of 1-3 W/mK. Thus, the
resin 1nsulation layer 27 has the thermal conductivity of
substantially one hundredth that of any other material. This
1s a main factor that hinders thermal conduction.

Heat radiation properties of a semiconductor device are
determined by the thickness and thermal conductivity of a
material through which heat 1s conducted, an area of the
material through which heat 1s conducted, and the like. The
power semiconductor device according to the background
art can achieve improved heat radiation properties by thin-
ning the resin insulation layer 27 to thereby reduce part that
has a low thermal conductivity through which heat 1is
conducted. However, the resin 1nsulation layer 27 needs an
insulation breakdown voltage of several thousands of volts.
This imposes limitations on its thickness to fall into the
neighborhood of 0.5 mm, and improvements in the heat
radiation properties are thus limited.

The thermal conductivity of the resin insulation layer 27
could be increased to as high as approximately 5 W/mK by
using ceramic powder having a high thermal conductivity
such as aluminum nitride powder or silicon nitride powder
as a filler for the resin forming the resin msulation layer 27
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to 1ncrease a filling factor. However, the resin insulation
layer 27 1s part of the mold resin 6, which causes the resin
filled with ceramic powder to be used even for elements
other than the resin insulation layer 27, 1.€., elements that do
not require high thermal conductivities. This results 1n a

wasted use of expensive resin. In consequence, material
costs of a semiconductor device are increased.

Heat generated 1n the power chip 1 1s first conducted
through the lead frame 20, and next, through the resin
insulation layer 27. It 1s generally impossible to make the
lead frame 20 thick in terms of processing unlike the metal
block 5 or the like. Thus, the lead frame 20 has a thermal
diffusion effect inferior to that of the metal block 5 or the
like. This makes 1t difficult to fully extend an area of the
resin 1nsulation layer 27 through which heat 1s conducted,
which has been a factor that imposes limitations on improve-
ments 1 heat radiation properties.

SUMMARY OF THE INVENTION

It 1s an object of the present invention 1s to provide a
semiconductor device with good heat radiation properties
and good insulation breakdown voltages.

According to the present invention, the semiconductor
device 1ncludes first a second semiconductor chips, first and
second lead frames, a metal block, and resin. The first and
second lead frames have one side main surfaces on which
the first and second semiconductor chips are mounted,
respectively. The metal block 1s provided on the other main
surface of the first lead frame. The resin 1s formed to cover
the first and second semiconductor chips, the first and
second lead frames and the metal block. The first lead frame
has a plurality of suspension lead parts projecting from the
resin.

The present invention radiates well heat generated 1 the
first semiconductor chip by means of heat radiation through
the metal block provided on the other main surface of the
first lead frame. At this time, the metal block, which 1s
covered with resin, can maintain insulation relationship with
the outside.

Further, the first lead frame, having the plurality of
suspension lead parts, 1s brought into a state of a beam
supported at two or more positions at least in the resin
molding step, according to which 1ts stifiness can be
improved. This allows the resin covering the metal frame to
be formed uniformly in thickness. As a result improved heat
radiation properties can be obtained while securing 1nsula-
fion properties.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a sectional view schematically illustrating a
structure of a semiconductor device according to the basic
principle of the present invention;

FIG. 2 1s an explanatory view illustrating the way heat 1s
conducted 1n a semiconductor device according to the back-
oround art;

FIG. 3 1s an explanatory view illustrating the way heat 1s
conducted 1n the semiconductor device according to the
basic principle shown 1 FIG. 1;

FIG. 4 15 a sectional view 1llustrating a sectional structure
of a power semiconductor device including a plurality of
types of chips;
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FIG. 5 1s an explanatory plan view briefly illustrating a
power chip to be mounted on a lead frame;

FIG. 6 1s a plan view schematically 1llustrating a planar
structure of a power semiconductor device according to a
first preferred embodiment of the present invention before
resin sealing;

FIG. 7 1s a plan view schematically 1llustrating a planar
structure of the power semiconductor device according to

the first preterred embodiment after the resin sealing;

FIG. 8 1s a sectional view schematically illustrating a
sectional structure of the power semiconductor device
according to the first preferred embodiment after the resin
scaling;

FIG. 9 1s a sectional view 1llustrating a side structure of
the power semiconductor device according to the first pre-
ferred embodiment after the resin sealing;

FIG. 10 1s a plan view schematically illustrating a planar
structure of a power semiconductor device according to a
second preferred embodiment of the mvention before resin
scaling;

FIG. 11 1s a sectional view schematically illustrating a
sectional structure of the power semiconductor device
according to the second preferred embodiment after the resin
scaling;

FIG. 12 1s an explanatory view schematically 1llustrating
the state of partial metal blocks adjacent to each other;

FIG. 13 1s a plan view schematically illustrating a periph-
eral structure of a suspension lead part of a power semicon-
ductor device according to a third preferred embodiment of
the 1ivention;

FIG. 14 1s a plan view schematically 1llustrating a periph-
eral structure of a suspension lead part of a power semicon-
ductor device according to a fourth preferred embodiment of
the 1nvention; and

FIG. 15 1s a sectional view schematically illustrating a
structure of the power semiconductor device according to
the background art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
<Basic Principle>
(Power Semiconductor Device Including a Metal Block)

FIG. 1 1s a sectional view schematically illustrating a
structure of a semiconductor device according to a basic
principle of the present invention. As shown 1 FIG. 1, the
semiconductor device according to the basic principle
includes the power chip 1, lead frames 20a, 200, the metal
block 5 and the mold resin 6.

The lead frames 20a and 205 are made of metal having a
ogood thermal conductivity such as a thin plate of a copper
alloy. The lead frame 20a has the die pad part 3 and the 1nner
lead part 4, and the lead frame 200 has the 1inner lead part 4.
The power chip 1 has electrodes (not shown) provided on its
both surfaces, and 1s mounted on the die pad part 3 of the
lead frame 20a and jointed thereto with the solder 9 such that
one of the electrodes on one of 1ts surfaces 1s 1n contact with
the lead frame 20a. The other of the electrodes on the other
surface of the power chip 1 i1s connected to the inner lead
part 4 of the lead frame 205 by the aluminum wire 8. The
lead frames 20a and 20b are separated from each other, and
the electrodes formed on the both surfaces of the power chip
1 are insulated from each other.

The metal block 5, made of aluminum or copper, for
example, 1s jointed to the lead frame 20a with a jointing
material 10 on one surface opposite to the power chip 1.
More specifically, the metal block 5 has a junction surface

10

15

20

25

30

35

40

45

50

55

60

65

4

50 and a non-junction surface 51 on its one side main surface
and 1s arranged such that the junction surface 50 and the
non-junction surface 51 face the lead frames 20a and 205.
The junction surface 50 1s formed projectingly toward the
power chip 1 further than the non-junction surface 51 and 1s
jointed to the lead frame 20a with the jointing material 10 so
as to face the power chip 1.

In other words, the metal block 5 has a projection on one
of 1ts surfaces, and the projection 1s jointed to the lead frame
20a so as to face the power chip 1. The other surface of the
metal block 5 opposite to the lead frame 20a 1s larger than
a surface of the power chip 1 jointed to the lead frame 20a.
The non-junction surface 51 and the lead frame 205 form an
insulation space 60 therebetween.

The mold resin 6, made of epoxy resin, for example,
provides an 1nsulation layer 7 for the metal block 5 on the
surface opposite to the lead frames 20a and 205 while
covering and sealing the power chip 1, the lead frames 204,
200 and the metal block 5. The external heat radiator 11 1s
attached to the 1nsulation layer 7 on a surface opposite to the
metal block 5.

In the semiconductor device of the basic principle having,
the above-described structure, heat generated 1n the power
chip 1 1s conducted through the solder 9, the lead frames
204, 20b, the jointing material 10, the metal block § and the
insulation layer 7, and 1s emitted to the outside from the
external heat radiator 11. The jointing material 10 1s not
required to ensure electric insulation between the lead frame
20a and the metal block §. Thus, any material can be
employed without considering its insulation breakdown
voltage. More specifically, when another semiconductor
device 1s attached to the external heat radiator 11, the
insulation layer 7 maintains insulation between the semi-
condutor devices. Thus, it 1s not necessary to consider the
insulation breakdown voltage of the jointing material 10.
Therefore, the joining material 10 may be made of a material
such as solder that has a thermal conductivity better than that
of the insulation layer 7. As a result, heat generated 1n the
power chip 1 1s conducted well from the lead frame 20a to
the metal block 3.

Moreover, even 1n the case 1n which a resin adhesive 1s
employed as the jointing material 10, the jointing material
10 can be made thinner than the resin insulation layer 27 1n
the aforementioned background art. More specifically, the
thickness of the jointing material 10 can be set at 1040 um
and can be reduced to substantially one tenth that of the
conventional resin insulation layer 27. Alternatively, an
adhesive mixed with, for example, metal powder as a {iller,
1.., a binder having a high thermal conductivity may be
used. In consequence, the joint material 10 made of a resin
adhesive can be improved 1n the thermal conductivity 5 to 10
times (5—20 W/mK) that of the conventional resin insulation
layer 27. That 1s, even when a resin adhesive 1s used for the
joimnting material 10, heat generated 1n the power chip 1 can
be conducted well to the metal block 5.

Next, heat conducting through the insulation layer 7
which 1s a main factor that hinders heat conduction will be
described in detail. FIGS. 2 and 3 illustrate the way heat
cgenerated 1n the power chip 1 1s conducted. FIG. 2 shows the
way heat 1s conducted 1n the power semiconductor device
according to the above described background art, and FIG.
3 shows the way heat 1s conducted 1n the semiconductor
device according to the basic principle. As indicated by a
thermal diffusion direction 30 1n FIG. 2, heat generated in
the power chip 1 1s diffused in a slightly horizontal direction
at the lead frame 20 1n the background art, however,
diffusion 1s not carried out sufficiently due to the thinness of
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the lead frame 20. Thus, an area 32 of the resin mnsulation
layer 27 which 1s a main factor that hinders heat conduction
in the background art through which heat 1s conducted 1s
almost the same as the area of the power chip 1. On the other
hand, as indicated by a thermal diffusion direction 31 in FIG.
3, heat generated 1n the power chip 1 1s diffused 1n a slightly
horizontal direction at the lead frame 20a and 1s further
diffused at the metal block § having a sufficient thickness in
the basic principle. Therefore, an area 33 of the msulation
layer 7 through which heat 1s conducted 1s su 1Clently larger
than the area of the power chip 1. In short, a main factor that
hinders heat conduction 1n the basic principle 1s smaller than
that 1 the background art.

As has been described, the semiconductor device accord-
ing to the basic principle provides improved heat radiation
properties.

Further, since the metal block 5§ and the lead frame 2056
form the insulation space 60 therebetween, the metal block
5 may be increased in size as nearly large as the outside
dimension of the semiconductor device while the electrodes
on the both surfaces of the power chip 1 are insulated from
cach other. As a result improved heat radiation properties
can be obtained.

Furthermore, the lead frame 20a and the metal block 5 are
jointed just before the step of forming the mold resin 6 1n the
basic principle. Thus, manufacturing can be performed up to
the wiring of the aluminum wire 8 by the same process and
apparatus as conventional ones. This permits a reduction of
new capital investments and the like.

(Power Semiconductor Device Including a Plurality of
Types of Chips)

A general power semiconductor device 1s equipped with:
a power chip for switching a large current having an element
such as an insulated gate bipolar transistor (hereinafter
referred to as “IGBT”) or a fly wheel diode (hereinafter
referred to as “FWD”); and an integrated circuit chip for
controlling the power chip such as a low voltage integrated
circuit (hereinafter referred to as “LVIC”) or a high voltage
integrated circuit (hereinafter referred to as “HVIC”).

In other words, the power chip and the integrated circuit
chip on which the aforementioned metal block 1s to be
formed are mounted on lead frames different from each
other, and predetermined parts such as a chip and a frame are
clectrically connected by using a wire bonding technique or
cquivalent. Thereafter, a resin molding step 1s carried out,
thereby forming the power semiconductor device mcluding
a plurality of types of semiconductor chips.

FIG. 4 1s a sectional view 1illustrating a structure of such
power semiconductor device. As shown 1n FIG. 4, a power
chip 41 and an integrated circuit chip 42 are jointed to one
side main surfaces of lead frames 2a and 2c, respectively,
with a jointing material 46 by using a die bonding technique.
Next, the power chip 41 1s electrically connected to part of
predetermined 1nner leads of the lead frames 2a and 2c¢ by
an aluminum wire 44. Further, the integaed circuit chip 42
and a predetermined inner lead of the lead frame 2c¢ are
clectrically connected by a gold wire 43. The reason for
employing the aluminum wire 44 1s that the power chip
handles a large current.

On the other hand, a metal block 47 having a projection
in a region corresponding to the power chip 41 1s jointed to
the other main surface of the lead frame 2a with a jointing
material 48.

Further, a mold resin 45 such as epoxy resin 1s used to
perform transfer molding, thereby covering and sealing the
power chip 41, the integrated circuit chip 42, the lead frames

2a, 2¢ and the metal block 47.
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The lead frames 2a and 2c are bent at their ends such that
they are used as lead terminals 2b and 2d.

In such power semiconductor device including a plurality
of types of semiconductor chips, the power chip 41 is
formed on the side of the lead terminal 25 and the integrated
circuit chip 42 on the side of the lead terminal 2d. Theretore,
the lead frame 2a on which the power chip 41 1s mounted 1s
in a cantilever state that 1s supported only by the side of the
lead frame 2b 1n the molding step.

In the molding step, viscous force resulting from resin
flow 1s added to the lead frame 2a on which the power chip
41 1s mounted. The lead frame 2a 1s in the cantilever state
as described above, 1t has a low stifiness and 1s easily
deformed or displaced. More specifically, there arises a
problem 1n that the lead frame 2a 1s easily mclined m the
flowing direction of the mold resin 45. In consequence, an
inclination of the lead frame 2a results in non-uniformity of
the mold thickness of the mold resin 45 under the power chip

41.

Therefore, a thin part and a thick part are generated in the
mold resin 45. There 1s concern that the thin part 45a of the
mold resin 45 under the metal block 47 may have faulty
insulation. Therefore, the mold resin needs to be sufficiently
thick for carrying out the molding step. In this case,
however, a problem arises i1n that the mold thickness
becomes thicker than necessary at the thick part and the
thermal resistance 1s thus increased, resulting in hindrance of
heat radiation.

FIG. § 1s an explanatory plan view briefly illustrating the
power chip 41 to be mounted on the lead frame 2a.
Generally, as shown 1n FIG. 5, a plurality of power chips 41
are formed on a plurality of (partial) lead frames 2a provided
adjacently to one another.

In the case that the lead frame 2a on which the power chip
41 1s mounted shown 1n FIG. 5 has a region 2r extending
diagonally with respect to an injecting direction D1 of the
mold resin, the lead frame 2a may be deformed and verti-
cally bent to the flowing direction of the mold resin, causing
concern that contact failure might occur between adjacent
lead frames 2a and 2a. To prevent this, the lead frames 2a
neced to be increased 1n width to improve their stifiness.
However, an increase in the width of the lead frames 2a
reduces an 1nsulation distance d2 between adjacent lead
frames 2a and 2a, causing a problematic deterioration 1n
insulation properties. In order to maintain 1nsulation
properties, a pitch between adjacent lead frames 2a and 2a
needs to be widened. This causes a problem 1in that a device
has to be increased 1n size.

Further, another problem arises 1n that an increase 1n an
arca of the metal block 47 that 1s in contact with the flow of
the mold resin and an increase 1n the accompanying viscous
force cause the above problem to be more significant.
<First Preferred Embodiment>

FIG. 6 1s a plan view schematically 1llustrating a planar
structure of a power semiconductor device according to the
first preferred embodiment of the mvention before resin
scaling. FIG. 7 1s a plan view schematically 1llustrating a
planar structure of the power semiconductor device accord-
ing to the first preferred embodiment after the resin sealing.
FIG. 6 shows a region 55 reserved for forming mold resin by
dotted lines.

In the power semiconductor device, the power chip 41
including the power chip 1 for switching a large current such
as IGBT or FWD and the integrated circuit chip 42 for
controlling the power chip 41 such as LVIC or HVIC are
mounted on the lead frames 2a and 2c, respectively.

As shown in FIG. 6, each (partial) lead frame 2a for the

power chip has a suspension lead part 2¢ to be used as a
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support 1n the resin sealing provided projectingly from the
region 55 1n addition to the lead terminal 2b. The lead frame
2a can thus be supported by a plurality of suspension lead
parts 2b and 2e in the molding (the resin sealing step).

FIG. 8 1s a sectional view schematically illustrating a
sectional structure of the power semiconductor device
according to the first embodiment after the resin sealing.
FIG. 9 15 a sectional view 1illustrating a side structure of the
power semiconductor device according to the first embodi-
ment after the resin sealing. FIG. 8 corresponds to a section
taken along the line A—A of FIG. 7, and FIG. 9 corresponds
to a side surface viewed from the lead terminal 2d side of
FIG. 7.

Referring to FIGS. 6 to 9, a method of manufacturing the
power semiconductor device according to the first embodi-
ment will be described.

The power chip 41 and the integrated circuit chip 42 are
mounted on one side main surfaces of the lead frames 2a and
2c¢, respectively, with the jointing material 46 using the die
bonding technique.

Next, the power chip 41 and part of predetermined inner
leads of the lead frame 2a are electrically connected by the
aluminum wire 44 using the wire bonding technique. The
integrated circuit chip 42 and predetermined 1nner leads of
the lead frame 2c¢ are also electrically connected by a gold
wire 43.

The metal block 47 1s placed on the other main surface of
the lead frame 2a opposite to 1ts one side main surface so as
to face the power chip 41 and 1s jointed thereto with the
jointing material 48. The metal block 47 can thus be
provided on the other main surface of the lead frame 2a.

Thereafter, transter molding 1s performed using epoxy
resin, for example, thereby covering and sealing the power
chip 41, the integrated circuit chip 42 and the metal block 47
with the mold resin 45.

Lastly, an unnecessary part of the leads 1s cut off and the
lead terminals 2b and 2d are bent, thereby completing the
semiconductor device.

The metal block 47 1s made of aluminum or copper, for
example, and heat generated in the power chip 41 1s emitted
to the outside through the jointing material 46, the lead
frame 2a, the jointing material 48, the metal block 47 and an
insulation layer 45a (part of the mold resin 45).

The meal block 47 1s entirely covered with the mold resin
45 to be insulated from the outside. The jointing material 48
1s not required to ensure electric 1nsulation between the lead
frame 2a and the metal block 47. Thus, any material can be
employed without considering its insulation breakdown
voltage. Therefore, the jointing material 48 may be made of
a material such as solder that has a thermal conductivity
better than that of the msulation layer 45a. As a result, heat
ogenerated 1n the power chip 41 1s conducted well from the
lead frame 2a to the metal block 47.

Further, the metal block 47 can be increased 1n size to the
extent of the outside dimension of the mold resin 45 of the
semiconductor device with the electrodes on the both sur-
faces of the power chip 41 1nsulated from each other. As a
result, improved heat radiation properties can be obtained.

More speciiically, the metal block 47 has a surface
opposite to the jointing material 48, which 1s larger than the
other jointed to the jointing material 48. Accordingly, heat
can be conducted with the jointing material 48 and the metal
block 47 jointed to each other by a minimum area of almost
the same size as the power chip 41, and an electric circuit 1s
formed by the lead frame 2a at the peripheral part of the
chip. Thus, size reduction 1s achieved, while heat generated
in the power chip 41 can be propagated from the jointing

10

15

20

25

30

35

40

45

50

55

60

65

3

material 48 to the metal block 47 to the extent of the outside
dimension of the semiconductor device. As a result, 1t 1S
possible to cause heat to conduct through the insulation layer
45a by a larger area, and improved heat radiation can be
obtained.

Further, since the metal block 47 1s joimnted to the lead
frame 2a on 1ts other main surface opposite to the power
chip 41, 1t 1s possible to determine size of the metal block 47
without affecting the wiring of the aluminum wire 44.

Furthermore, the lead frame 24 and the metal block 47 are
jointed just before the molding step such manufacturing can
be performed up to the wiring of the aluminum wire 44 by
the same process and apparatus as conventional ones. This
permits a reduction of new capital mmvestments and the like.

On the other hand, providing the metal block 47 on the
other main surface of the lead frame 2a results 1in an increase
in a contact area with the mold resin flow 1in the molding step
and also 1n an increase 1n the accompanying viscous force.

In the power semiconductor device according to the first
embodiment, however, the lead frame 2a with the power
chip 41 mounted on its one side main surface and the metal
block 47 mounted on the other main surface has the plurality
of suspension lead parts 2b and 2¢. The lead frame 2a 1s thus
brought mto a state of a beam supported at two or more
positions in the molding step for sealing the mold resin 45.
This can improve the stifiness of the lead frame 2a.

As a result, the mold resin 45 can be maintamned 1n a
uniform thickness, and the insulation layer 45a of the mold
resin 45 under the metal block 47 can be made thinner.
Therefore, improved heat radiation properties can be
obtained while securing insulation properties.
<Second Preferred Embodiment>

FIG. 10 1s a plan view schematically illustrating a planar
structure of a power semiconductor device according to the
second preferred embodiment of the mvention before resin
scaling. FIG. 11 1s a sectional view schematically illustrating
a sectional structure of the power semiconductor device
according to the second embodiment after the resin sealing.
FIG. 11 corresponds to a section along the line B—B of FIG.
10 after the resin sealing.

Referring to FIGS. 10 and 11, a method of manufacturing,
the power semiconductor device according to the second
embodiment will be described.

A plurality of power chips 41 and a plurality of integrated
circuit chips 42 are mounted on one side main surfaces of the
lead frames 2a and 2c, respectively, with the jomnting mate-
rial 46 using the die bonding technique. At this time, as
shown in FIG. 11, a plurality of separated (partial) lead
frames 2ap each have the one side main surface on which at
least one power chip 41 1s mounted.

Thereafter, each of the power chips 41 is electrically
connected to a predetermined 1nner lead of the lead frame 2a
and part of 1nner leads of the imner lead frame 2c¢ by the
aluminum wire 44 using the die bonding technique. The
integrated circuit chip 42 and a predetermined mner lead of
the lead frame 2c¢ are also electrically connected by the gold
wire 43.

Next, a plurality of partial metal blocks 47p are mounted
on the other main surfaces of the plurality of partial lead
frames 2ap. More specifically, The plurality of partial metal
blocks 47p are placed on the other main surfaces of the
partial lead frames 2ap and jointed thereto with the jointing
material 48 so as to have one-to-one correspondence with a
plurality of power chips 41 and to face a corresponding one
of the power chips 41, respectively.

Thereafter, transfer molding 1s performed to seal the
whole. A gap between adjacent partial metal blocks 47p and
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4'7p 1s filled with the mold resin 45, and the metal blocks 47p
are 1nsulated from one another. Accordingly, the plurality of
power chips 41 can be provided within a single power
semiconductor device while the partial metal blocks 47p
remain 1nsulated from one another.

The plurality of partial metal blocks 47p are made of
aluminum or copper, for example, as 1n the first preferred
embodiment. Heat generated 1n each of the power chips 41
1s emitted to the outside through the jomnting material 46, the
lead frame 2a, the jointing material 48, the metal block 47
and the msulation layer 43a.

The jointing material 48 1s not required to ensure electric
insulation between the lead frame 2a and the metal block 47
as 1n the first embodiment. Thus, any material can be
employed without considering its insulation breakdown
voltage. Therefore, the jointing material 48 may be made of
a material such as solder that has a thermal conductivity
better than that of the mnsulation layer 45a. As a result, heat

generated 1n each of the power chips 41 1s conducted well
from the lead frame 24 to the metal block 47.

The power semiconductor device according to the second
embodiment having the above-described structure further
achieves the following effects in addition to the same etfects
obtained in the first embodiment.

There 1s concern that by using the plurality of partial
metal blocks 47p, an increase 1n the viscous force and the
complexiaty of the flow may cause variations in the thickness
of the resin under the lead frames 2ap on which the power
chips 41 are mounted.

In the semiconductor device of the second embodiment,
however, the (partial) lead frames 2ap for the power chip
cach have the suspension lead part 2¢ provided thereon as in
the first embodiment, and thus can be supported by the
plurality of suspension lead parts (2b, 2¢) in the molding
step.

As a result deformation (or displacement) of the lead
frames 2ap 1s suppressed such that the mold thickness under
the metal blocks 47p 1s a uniform thickness. Thus, high heat
radiation properties can be achieved while maintaining
insulation properties.

FIG. 12 1s an explanatory view schematically 1llustrating
the state of partial metal blocks 47p adjacent to each other.
As shown 1n FIG. 12, the lead frames 2ap on which the
power chips 41 are mounted are long and thin extending
diagonally with respect to an injecting direction of the mold
resin. Thus, the lead frames 2ap are deformed (or displaced)
and bent 1n a direction perpendicular to the resin flowing
direction such that there occurs a contact failure between
adjacent lead frames 2ap and 2ap.

However, since the structure 1n which the suspension lead
part 2¢ 1s provided as described above permits a substantial
suppression of deformation of the lead frames 2ap 1n the
molding step, adjacent partial metal blocks 47p and 47p are
reliably prevented from being 1n contact with each other by
their lead frames 2ap and the other elements. This permits a
reduction 1n the thickness of the mold resin 45 between the
adjacent partial metal blocks 47p and 47p. Thus, higher heat
radiation properties can be achieved, and the power semi-
conductor device can be reduced 1n size.

The plurality of partial metal blocks 47p are placed in
one-to-one correspondence with a plurality of power chips
41 and face a corresponding one of the power chips 41,
respectively. Each of the metal blocks can thus be employed
in correspondence with the power chips 41. In consequence
the power chips 41 have a uniform temperature. This makes
it easier to obtain operation assurance ol the power semi-
conductor device and permits an extension of the life of the
power chips 41.
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<Third Preferred Embodiment:>

FIG. 13 1s a plan view schematically illustrating a periph-
eral structure of a suspension lead part of a power semicon-
ductor device according to the third preferred embodiment
of the invention. As shown in FIG. 13, an end of the
suspension lead part 2e 1s disposed 1n a cavity 56 formed 1n
the peripheral region of the mold resin 45. This structure
allows the length of the suspension lead part 2¢ formed 1n

the region 55 (FIGS. 6 and 10) to be shorter than that in the
case where the mold resin 45 does not have a cavity.
Accordingly, 1t 1s possible to increase the stifiness of the lead
frame 2a of the power chip 41 1n the molding step. As a
result, the lead frame 24 1s hardly deformed, allowing the
mold thickness to be made still thinner, and a power semi-
conductor device with less thermal resistance and excellent
heat radiation properties can thus be obtained.

Further, providing the cavity 56 for the mold resin 435
permits an increase 1n a creepage distance which 1s an
insulation distance between the suspension lead part 2e
projecting from the mold resin 45 and an outer periphery of
the mold resin 45. Thus, improved 1nsulation properties can
be obtained without increasing the size of the semiconductor
device.
<Fourth Preferred Embodiment>

FIG. 14 1s a plan view schematically illustrating a periph-
eral structure of a suspension lead part of a power semicon-
ductor device according to the fourth preferred embodiment
of the invention. As shown 1 FIG. 14, the end of the
suspension lead part 2¢ 1s disposed 1n the cavity 56 formed
on the mold resin 45 as 1n the third embodiment, and 1s cut
in such a manner as to be fit into the cavity 56.

More speciiically, 1in the present embodiment, the end of
the suspension lead part 2e 1s cut at an mner position with
respect to the outermost surface of the mold resin 45. As a
result, the end of the suspension lead part 2¢ 1s fit 1nto the
cavity 56.

As described above, the power semiconductor device
according to the present embodiment, 1n which the suspen-
sion lead part 2¢ 1s {it 1nto the cavity 56 of the mold resin 435,
achieves the effect of preventing inconvenience of being
caught 1n at packaging and handling, thereby simplifying
handling, 1n addition to the effects achieved by the third
embodiment.

While the invention has been shown and described in
detail, the foregoing description 1s 1n all aspects illustrative
and not restrictive. It 1s therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the mvention.

What 1s claimed 1s:

1. A semiconductor device comprising:

first and second semiconductor chips;
first and second lead frames having one side main surface

on which said first and second semiconductor chips are
mounted, respectively;

a metal block provided on the other main surface of said
first lead frame; and

resin formed to cover said first and second semiconductor

chips, said first and second lead frames and said metal
block,

wherein said first lead frame has a plurality of suspension
lead parts projecting from said resin,

wherein said first semiconductor chip includes a plurality
of first semiconductor chips,

said first lead frame 1ncludes a plurality of first partial lead
frames,

saild metal block includes a plurality of partial metal
blocks, and
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said plurality of first partial lead frames each have one
side main surface on which at least one of said plurality
of first semiconductor chips 1s mounted, the other main
surface on which at least one of said plurality of partial
metal blocks 1s provided and a plurality of suspension
lead parts projecting from said resin.

2. The semiconductor device according to claim 1,

wherein

said metal block 1s provided to face said {first semicon-
ductor chip.
3. The semiconductor device according to claim 1,
wherein

said metal block 1s jointed to the other main surface of
said first lead frame with a jointing material and has one
surface opposite to the other surface in contact with
said jointing material, said one surface being larger
than the other surface.
4. The semiconductor device according to claim 1,
wherein

said first semiconductor chip includes a power chip.
5. The semiconductor device according to claim 4,
wherein

said second semiconductor chip includes an integrated
circuit chip for controlling said first semiconductor
chip.
6. The semiconductor device according to claim 4,
wherein

said power chip includes at least one of an insulated gate
bipolar transistor and a fly wheel diode.
7. The semiconductor device according to claim 1,
wherein

said plurality of partial metal blocks have one-to-one
correspondence with said plurality of first semiconduc-
tor chips and are provided to face a corresponding one
of said first semiconductor chips, respectively.

8. A semiconductor device comprising;:

first and second semiconductor chips;

first and second lead frames having one side main surface
on which said first and second semiconductor chips are
mounted, respectively,

10

15

20

25

30

35

40

12

a metal block provided on the other main surface of said
first lead frame; and

resin formed to cover said first and second semiconductor

chips, said first and second lead frames and said metal
block,

wherein said first lead frame has a plurality of suspension
lead parts projecting from said resin,

wherein said resin has a cavity 1n a peripheral region
thereof, and

at least one of said plurality of suspension lead parts 1s
disposed 1n said cavity.
9. The semiconductor device according to claim 8,
wherelin

at least one of said plurality of suspension lead parts 1s
provided to fit 1nto said cavity.
10. The semiconductor device according to claim 8,
wherein

said metal block 1s provided to face said first semicon-
ductor chip.
11. The semiconductor device according to claim 8,
wherelin

said metal block 1s jointed to the other main surface of
said first lead frame with a jointing material and has one
surface opposite to the other surface in contact with
said jointing material, said one surface being larger
than the other surface.
12. The semiconductor device according to claim 8,
whereln

said first semiconductor chip includes a power chip.
13. The semiconductor device according to claim 12,
wherein

sald second semiconductor chip includes an integrated
circuit chip for controlling said first semiconductor
chip.
14. The semiconductor device according to claim 12,
wherein

said power chip includes at least one of an 1nsulated gate
bipolar transistor and a ily wheel diode.
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